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S U M M A R Y  A N I D  C O N C L U S I O N S
The cent ra l  gues t ion  asked in  th is  thes is  i s  whether  an  Exper imenta l
S t ra igh t -Leg Ra is ing  tes t  (E .  S .L .  R.  )  can  cont r ibu te  to  the  so lu t ion  o f  a
diagnostical problem frequently encountered in rehabil i tat ion medicine.
It  concerns the determination of the cause of the movement restr ict ion
in patients who are unable to bend forward normally from the standing
posit ion while holding the knees in extension. For this purpose a
c l in ica l  tes t  i s  used a imed to  d iagnose,  on  the  one hand,  the  com-
press ion  o f  a  lumbosacra l  nerve  roo t  and,  on  the  o ther  hand,  a  poor
e las t ic i t y  o f  the  hamst r ings ,  i .e .  shor t  hamst r ings .  Dependent  on  the
a im,  the  tes t  i s  ca l led  Lasdguers  tes t  o r  pass ive  musc le  s t re tch  tes t ,
respectively. Since the execution of both tests does not dif fer the
neut ra l  te rm Cl in ica l  S t ra igh t -Leg Ra is ing  (C.S,L .R. )  has  been chosen
to  denote  the  tes t  movement .
The current diagnostical approach in patients with the above
ment ioned movement  res t r i c t ion  is  descr ibed in  Chapter  l ,  I t  i s  a rgued
that practical experience supported by case reports casts doubt on the
abil i ty of the test to dif ferentiate between short hamstrings (elasto-
gen ic  pa tho logy)  and o ther  causes  (non-e las togen ic  pa tho logyT.
The poss ib le  reasons  fo r  the  prob lems encountered  in  C.S.L .R.  a re
considered in Chapter 2. I t  is concluded that the information obtained
with the test is insuff icient to dif ferentiate correctly, part icularly
because of the lack of information i t  yields over the activi ty of the
muscles and the use of incorrect variables regarding the elast ici ty of
the  re levant  musc les .
In order to generate better variables, an analysis is made in
Chapter 3 of the extension of the relevant muscles and the forces
acting on the leg and the pelvis. For this purpose a simple theoretical
mode l  i s  used,  in  wh ich  the  musc les  are  represented  by  two spr ings  in
series. The model reproduces the variables which have to be measured
to determine the extensibi l i ty and the elast ici ty of the springs. Muscle
extensibi l i ty is defined by the maximum increase in length that a muscle
admits with respect to i ts length in the inactive supine posit ion. Muscle
elastici ty is defined by the relat ion between load and the increase in
the  musc le rs  length .
Based on the conclusions drawn from the analysis, an Experimental
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Straight-Leg Raising set-up was developed which is described in
Chapter 4. The set-up makes i t  possible to determine the extensibi l i ty
and the  ac t iv i t y  o f  the  musc les  by  measur ing  the  excurs ion  o f  the  leg ,
the change in the hip angle and the back angle, the electr ical act ivi ty
in the mm. erector spinae, gluteus maximus and sernimembranosus, the
flattening of the back and the applied l i f t  force. Since the weight and
the  length  o f  the  leg  are  measured too ,  the  moment  necessary  to  over -
come the elast ic retract ion forces in the muscles can also be determined.
Because i t  is important in this study to measure the hip angle correct-
ly, special attention has been paid to the problems encountered in
measuring the hip angle while discussing the measuring procedure.
The general f indings and the reproducibi l i ty of the measurements
are discussed and i l lustrated in Chapter 5, Since reference values are
not avai lable in the l i terature, measurements were performed on volun-
teers .  For  th is  purpose th ree  groups  o f  8  s tudents  were  se lec ted
according to their f lexibi l i ty: a f lexible group (F), a medium group (M)
and a  s t i f f  g roup (S) .  Group S is  used as  a  cont ro l  g roup,  because
like the patients, these subjects are not able to touch the ground while
bending forward with the knees extended. A short history and a super-
f icial physical examination revealed no other abnormali t ies.
The results of the measurements in the volunteers are presented in
Chapter 6. The excursion of the leg and the extensibi l i ty of the ham-
str ings measured in the subjects of group S turned out to be the
smallest. One conclusion is therefore that the cl inical cr i ter ia for a
small  extensibi l i ty of the hamstrings, i .  e. not being able to touch the
ground while bending forward with the knees extended and a maximum
angle between the straight leg and the horizontal plane of less than
80o in  C.S.L .R. ,  a re  genera l l y  cor rec t .  The resu l ts ,  however ,  a lso
showed that in subjects with the same leg excursion, a considerable
difference in extensibi l i ty of the hamstrings may be present as a result
of dif ferences in extensibi l i ty of the back muscles. In contrast to the
findings in the hamstrings, the extensibi l i ty of the back muscles,
measured unti l  the leg attained the vert ical posit ion, did not dif fer
much between the groups, although i t  was largest in the subjects of the
medium group. I t  appears that a sma1l extensibi l i ty of the hamstrings
sometimes is compensated by a large extensibi l i ty of the back muscles.
The st i f fness of the muscles varied considerablv between the sub-
j ec ts  w i th in  each group,  bu t  no t  sys temat ica l l y  be tween the  groups .
Th is  means tha t  the  movement  res t r i c t ion  present  in  the  sub jec ts  o f
g roup S is  no t  caused by  a  poor  e las t i c i t y  o f  the  hamst r ings .  I t  i s
t h e r e f o r e  c o n c l u d e d  t h a t r r s h o r t r r h a m s t r i n g s  a r e  a s  s t i f f  a s r r l o n g i l
hamst r ings .  Not  the  e las t i c i t y  bu t  the  d i f fe rences  in  ex tens ib i l i t y
explain the considerable dif ferences between the groups with respect to
the  max imum va lue  o f  the  moment  exer ted  by  the  musc les ,  wh ich  is
lowest in group S. A plausible explanation for the small  extensibi l i ty of
the  hamst r ings  is  a  low s t re tch  to le rance o f  these musc les .  The cause o f
such a  phenomenon is  no t  known,  bu t  i t  may be  a t t r ibu ted  to  the
noc icept ion  in  the  connect ive  t i ssue,  thus  the  ep i -  and per imys ium
and/or  the  fasc ia l  sheat .  Th is  a lso  wou ld  exp la in  the  prob lems wh ich
are often encountered in dif ferentiat ing between an intr insic small
extensibi l i ty of the hamstrings and other causes for the movement
res t r i c t ion .  In  the  la t te r  case there  is  a iso  a  low s t re tch  to le rance,  be
i t  in  o ther  s t ruc tu res .
As concerns the EMG activi ty of the muscles while counteracting the
s t re tch ing  (de fense reac t ions) ,  i t  was  shown tha t  i t  i s  la rges t  in  the
hamstrings of the subjects from group M and S. General lY, the activi ty
does not commence with the f irst feel ing of muscle tension, but with the
feel ing of pain at an angle between the leg and the horizontal plane
vary ing  be tween 40o-90o.  Usua l ly  on ly  one o f  the  musc le  g roups  in
series is act ive, most often the m, semimembranosus, sometimes with
accompanying activi ty in the m. gluteus maximus. The activi ty increases
gradua l ly  as  the  leg  r i ses .  Ac t iv i t y  in  bo th  the  hamst r ings  and the
back  musc les  was es tab l i shed in  on ly  two sub jec ts  o f  g roup S,  in
neither simultaneously. Since the defense activi ty recorded in the
muscles of the volunteers in this study is considered a physiological
phenomenon, i t  is cal led normal defense reaction. The f iattening of the
back is shown to depend on the st i f fness of the muscles relat ive to each
other. Because the tension in the hamstrings increases immediately after
the start of the leg raise, i t  is concluded that there is no real slack
in  these musc les .
The results of the measurements in the patients are presented in
Chapter 7. Thirty subjects without neurological symptoms, al l  unable to
bend forward normally, were selected by the physicians working at the
Rehabil i tat ion Department of the University Hospital in Groningen. They
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rece ived the  d iagnos is  C l in ica l  Shor t  Hamst r ings  (CSH)  when the  move-
ment restr ict ion was attr ibuted by the referr ing physician to an elasto-
gen ic  cause.  The d iagnos is  No C l in ica i  Shor t  Hamst r ings  (NCSt l )  occur -
red  when a  non-e las togen ic  cause was assumed.  The se lec t ion  procedure
was cont inued un t i l  each group cons is ted  o f  15  pa t ien ts .  Because the
excursion of the leg in some of the patients was restr icted at both
sides, the experiments were performed on 40 iegs in total:  22 legs with
the  labe l  CSH and 18  legs  w i th  the  labe l  NCSH.
Based on  the  type  o f  the  recorded musc le  ac t iv i t y ,  two ca tegor ies
o f  legs  cou ld  be  d is t ingu ished.  One ca tegory  o f  25  legs  showed EMG
act iv i t y  s im i la r  to  tha t  recorded in  the  cont ro le  g roup (g roup S) ,  i .e .
Normal  Defense React ions  (NDR) .  Another  ca tegory  o f  15  legs  showed
d i f fe ren t  EMG ac t iv i t y ,  ca l ied  Abnormal  Defense React ions  (ADR) .  ADR
are characterized by an earl ier start andior a more rapid increase
of the EMG activi ty compared to that measured in the control group.
The excurs ion  o f  the  1 .9 ,  the  ex tens ib i l i t y ,  e las t i c i t y  and s t re tch
to le rance o f  the  musc les  measured in  the  legs  w i th  NDR,  e i ther  agreed
with those establ ished in the control group or were larger. In the legs
wi th  ADR,  however ,  the  excurs ion  o f  the  ieg  and the  ex tens ib i l i t y  and
s t re tch  to le rance o f  the  musc les  were  much smal le r .  bu t  the  s t i f fness  o f
the muscles was normal unti l  ADR appeared. Abnormal EMG activi ty was
most often present simultaneously in both of the muscle groups in series
( 9x ) ,  but aiso in only one muscle group r either the m. semimem-
branosus with or without act ivi ty in the m. gluteus maximus (3x) or the
m .  e r e c t o r  s p i n a e  ( 3 x ) .
The f indings in the legs with ADR warrant the conclusion that the
cause of the movement restr ict ion in these legs dif fers from that in the
legs  o f  the  cont ro l  g roup and there fore  is  per  de f in i t ionr rnon-e las to-
gen ic r r .  F rom tha t  po in t  o f  v iew i t  i s  conc luded,  tha t  in  many legs  (50%)
in which the movement restr ict ion cl inical ly had been attr ibuted to short
hamstrings, the real cause was in fact an abnormal defense reaction in
one or  more  musc les .  On the  o ther  hand,  in  many o f  the  legs  (78%)  in
which a rrnon-elastogenicrr cause was assumed, no abnormal defense
reactions could be detected. In these patients the values of al l  variables
were in agreement with those of the control grouP. Therefore the cause
for the movement restr ict ion in these legs apparently is the same as in
the control group: probably a low stretch tolerance of the hamstrings.
As for the cl inical consequences of the experimental f indings, a
dist inct ion is made between the diagnostic and the therapeutic conse-
quences. Regarding diagnostics i t  is concluded that the dichotomy in
'relastogenicrr and rtnon-eleastogenicr causes for the movement restr ict ion
is  incor rec t  s ince  shor t  hamst r ings ,  a  genu ine  e las togen ic  cause,  do  no t
ex is t .  l {o reover  i t  i s  conc luded tha t  the  musc le  s t re tch  tes t  and
Lasdguers test in patients without neurological symptoms are not suitable
tools for dif ferentiat ing between a movement restr ict ion due to an
intr insic small  extensibi l i ty of the hamstrings and that ciue to abnormal
de fense reac t ions .  In  consequence i t  i s  conc luded tha t  i t  i s  hazardous
to  base the  therapeut ic  p rogramme on C.S.L .R.
As  fo r  the  therapeut ic  approach in  tshor t  hamst r ings , ,  i t  i s  con-
c luded tha t  the  usua l  therap ies ,  based on  the  concept  o f  musc le
shortening as the causar factor, for example those of Kendari et ar.
(1952)  and Janda (19?9) ,  a re  incor rec t  s ince  a  smal l  ex tens ib i l i t y  o f  the
hamst r ings  is  no t  caused by  poor  musc le  e ras t ic i t y ,  bu t  p robab ly  by  a
low stretch tolerance. Because such a phenomenon may be considered a
physiological mechanism, the therapeutic benefi t  of stretching exercises
in  pa t ien ts  w i th r rshor t  hamst r ingsr  i s  ques t ioned.  A  more  impor tan t
reason to abandon therapeutic stretching of these muscles is the f indins
that abnormal defense reactions frequently are overlooked.
The general conclusion of this study is that the experimental
f indings ask for a revision of both the current opinion regarding the
etiology of rr short hamstringsrr and the diagnostic and therapeutic
approach in patients with this phenomenon. In analogy this is possibly
a l s o  t r u e  f o r  o t h e r r r s h o r t r r m u s c l e s .  T o  a n s w e r  t h e  c e n t r a l  q u e s t i o n
asked in this study, i t  is concluded that the addit ional information
y ie lded b i j  E .s .L .R.  i s  he lp fu l  in  d i f fe ren t ia t ing  be tween a  low s t re tch
tolerance of the hamstrings and other causes for a movement re-
str ict ion. Final ly i t  is concluded that the f indings indicate that the
method may be valuable for the dif ferential diagnostics in those other
causes and for the study of other problems concerning muscle
elastici ty.
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